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Topological insulator nanoparticles — material
with prospect for photo-thermal applications
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Bismuth selenide (Bi2Ses) is one of the most investigated topological insulators (TI). Due to its
topological surfaces states (TSS), it displays unique electronic and optical properties [1, 2]. Unlike
conventional surface states, TSS are robust and unaffected by almost any type of non-magnetic
impurities due to the combined effect of the time-reversal symmetry and spin-orbit coupling. However,
TSS are stable up to a critical concentration of dopants [3, 4], and as we propose in our study, they can
also be disturbed by an organic layer coated on the surface of TI nanoparticles. Namely, the adsorbent-
free Bi2Ses nanoparticles display localized surface plasmon resonance (LSPR) due to electronic bulks
states and their peculiar TSS, while the coated counterparts do not [5].

The existence of LSPR is also a reason that the TI nanoparticles display a photo-thermal effect [6, 7].
A number of publications on the photo-thermal effect of the TI nanoparticles is scarce. Additionally, all
the research was conducted on the nanoparticles, synthesized in presence of organic solvents and/or
surfactants, or they were deliberately coated with organic molecules [6, 8-10]. Since the organic
molecules affect the TSS, the true photo-thermal effect (the real AT induced by illumination) of the TI
nanoparticles has not been measured yet.

We recently developed a hydrothermal method for synthesis of the adsorbent-free Bi2Ses nanoparticles
[5]. According to a UV-vis spectroscopy, the particles display peak, which corresponds to the LSPR.
The photo-thermal experiment reveals that they heat when illuminated with a laser of 808 nm [11].
Since they are free of any adsorbents, we have measured their true photo-thermal effect.

The electronic surface properties of TI and consequently their photo thermal effect can be tuned or even
enhanced by shifting the position of the Fermi level. This can be achieved by doping the nanoparticles,
but only up to the certain concentration. Till now, there is no research on doping the Bi:Ses
nanoparticles, and how this effect their optical and photo-thermal properties [3, 4].

With our developed hydrothermal method, we have successfully synthesized In- and Cr-doped BizSes

nanoparticles (BizxMxSes, M = In*", cr 3 ™). With the UV-vis spectroscopy we have confirmed the presence
of the LSPR peaks in all prepared samples showing the TSS are still present. The photo-thermal experiment

(808 nm, 3 W/em?, 5 min) revealed that the In- and Cr-doped Bi2Ses particles heat under the irradiation. The
heating effect was similar or even higher than in the reported studies [6, 8-10]. Such doped TI nanoparticles
have a potential to be further used, for instance in bio-medical applications. The TI nanoparticles can be
coated with a thin film of porous amorphous silica, which gave us the base for numerous possibilities to
attach different targeting molecules. As we recently demonstrated, a thin silica layer does not interfere with
TSS and such coated particles still heat under the irradiation. Moreover, AT of silica-coated Bi2Ses was
higher compared to uncoated one [11].
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